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Fig. 2

Quantification of DNA using different kits
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Fig. 7
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Fig. 7 continued
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Fig. 8
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Fig. 10
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FIG. 11

SEQ I NO. 13-

1ArEet SEqUEnCS TCAARCAGSCOACCETEAGQSAGCEAQCTECECOGCACEEGEEUTECTEE
GAGGUAGECAGCERSTITEGCCCCGASAGHCCEOUGTCEEGRCARGALSC
TEEGECCTEEAGAGECCCCTECEAGGCAAGEGUEEGEGCUTEEAGAGECT
GETCTCCAACCAGTEUTAGRACTETACAGGCGCCALCAGEAGECAGGAGE
TEGECUCTCAGAGUTTEECTERAGARAGTTCGEAGCUTACARAGECEG
TTEGCAGCTCEECAGCCAGTTEAGCCAAAAGAGITTECYTALTTRCTEGE
GAGGUAGHGLLEEERAGAGCECGACTTCAGGACAAUTIGEGLOTELGET
AGTOGCCGEEASECCCARCTTTGEIETOCAGERAGCCCACCEALTGEAG
ACCATTTEGEECCTEEASATECCATCEGAGEGCAGGAGITOATOITEE
AGAGECCACCOTERGGOOTCACCTEEECUTEEEGEAEOT TR UTTEALS
AAXGBCTETEEECCEACCAAGECCGLTAGGAGATCEETAGSCACTRAGTC
CAAARGAGOATTOTTCAGACSCAGEAATCREECOTREAGACCCAACCARBS
AACGAAGACOTRRGCCCGRAGAGZAATEUACGEAGERTEORAGTEEETLT
GEAGAGGCCGACTTGAGGAGETTOTREECCCSCAGASECCECCGRARS
CGAARAACTEGGUUIGGEAAAGELIGETTGTCAGEAATEAGSCUCUATHRGE
COTGAAGAGECLACTGELAGGCOGERAGUTEGECOTECCSAABOGRECCE
AGAGGCAGTAGCTTITGGARCTOGSCCAGGCOSCASTOAAGSCAATAGOTASG
CTGEEUETECAGAGTCORUTHETCACCCAGAGGUTEEECOTETRCAGHET
CITCCEEAGEOAGGRAGGUIGEECOTTETCCARGLUTECAGARGECOTALT
GARAGTCAAAAGUEEEEUTTEGEAAGECCRCCGERACGCATOAGCYTCE
GCTEEGCIGARAGAGEUCACTERGAGGCAGGAGGAGBCTEGECCTGGAG
AGGCTECCARAAGECASGAGCTYTCCICTGACGATSCCACAGTGAGATA
COATCTGEETCTGCACSGETCCACTETEAGGCAGAGGUTGACCTETAGA
GTOCGACAGTAGARCAGAASTTEEGCAAAAGCCTCGATTTGAGGRAAGTTTY
TEGGUTTCAACAGTCAGCCACGAGEUAGECAUTAGGCUTEEARATAEGC
CToaCAGTUATEAGTYEEECCTAAATEGECCACTETCRAGSEAGGEAGTT
GTECOTETTGAGCUTGCTESCAGGLAGCCAGARATITEGCCTEESECA
BUTGCCATGAGGCAAGAGCTERGUOTEGAARRAAGCCCCTEGHEABGCAA
GARGCAGCECCTECAGAGECTRTTCTCARGTCARRBOTGRECUTETTIGA
TECCACCECCAAGCACAAGETAGHUITEGAGAGTTTGACTTHAGGAAD
TITTTEEEUCTACATIGECCEUUATEAGUTEEACAGCEAALUTGEECCALA
AAAGGOUTETTETGAGECAGCAGTTETECCTETAGALCCAGUUARGAGD
AAGAGETOGETOTEEAGAAGCCCCCATEAGSCAGRGETTERRCOTETA
GACGUTEACASGABRCACEAGCTEEGCCTEGACAGGETCAACTTCAGEA
GATTTIGGECCTTCATAGGCCACCAGGAGSCAGTAGTTGGEGACTAGAS
AGTOCTEACTTEAGTAAGTTTTGCEGEUCCEEAGATEACETCCTEEGEALCAG
GAGTTCEECETGCACAGECCACCATCGAGGCATAACCTCEA TG TAGAGA
GGUCASTETCASECAAGATITEEGCUTETCTAGGUTGCTREGAGALAS
GCAGGAATOTOGCLAGGEAAGETTGCCATGACGACAARARTTGRGICTS
GAAAGGCCOTTETEAACGTATCAGCTTEECUTAAAGAGGCTATTGGETS
GUAGGARCTOGOTETGTAGRAGCTECTEABRAGETIGEGAGCTTEELTT
GOGRGETCCACRSTEAGG TAGATRCTEEGECGT - 37

SEQID NG 2 57 - AGTPEEGTCTOGAGAGGUCGATTTE- 37

AT -Forl
{primer)
SEQ I NG 3 57 - TCAGCUUCATGEGSICTOATTONT - 37

hT-Revl
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{primer)

SEQIDNG. 4
KT-Prol (probed

57 - FAM - TTCTGEECCCCECAGAGEICEC - BRHOL - 37

SRGIDNO. 5
hT-For2
{primer}

50 - GUAGRAGETEGECUTEEAGAGTTTEAL - 37

SEQ NG &
hET-Rev?
{primer)

T - COPPTTTTEGCCCASTTOCTETCCASBC - 37

184

SEQIDNGL Y
BT-Prod {probe)

57 ~ FAM~CEAAGTTITRGSCCTACATTEGCCRCTATE~ R - 37

SEQIDNG. 8
hT-Fard
{primen}

57 - ARGETECECCTEEAGAGETTT - 37

SEQIDNG. &
hT-Revl
forimer)

5 - QUTTTTTTRGECCCAGTTCUTET- 37

SEQ I NG, 10
KT-Prod (orobe)

Ey)

?-HEX - AAGTTTTEEECCTACATTGECCGL - BHQL -~ 37

SEQ D NOQ, 1
NS Scorpton

57 «Fam- CEAGCTCAGT IO LECCTETAGAGCICG ~daboyl~ L8 -
ACCTCTTCCTCTITEECTEEE- 37

SEQ NG 12
ANSIC primar

T - COGGOAACTAGARARGTEE-3 7

i

SEQ I NG, 13
(AT-IC Rev)

57 - GUTATCCAGTETECUTASGUAR- 37

SEG ID NOQ. 14
{ATIC_Yaik)

57w VAR~
TAGCHETRGTCHTTCAACGOCA Dabe vl F HER/ COACGAGCETAST TS
GACTGARA- Y

US 9,328,385 B2
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FIG. 14
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SEQ I NG, GOCTGAGTTCCTOCACOCTOOOTOTCCAAGAAUGGAGAAATCAGGALC
i5 .Y TOGTGAASGGACAATTITCATCTAGGTAGGOTOAGETEROOTOOTA
chromosomes GUTGGGGTGAAGCATOOGTTTICOLCTTCOCAGCTOTCCCALT
reference

SEQUEnOS;

SEQ D NG 18
»eheY 235885
IR FI58E647 -
J1-130

ggotgagticctecacoigectglocaagasggagaangagestagicaagppacagiiicatelagelg
ggotgaggiggcetgotagoigggpipaageatgigtifeceeticocagetoiecaant

SEGIDNGTY
Sehry 236392
B4 21639413
+/E-130

geolgagitcctocaccigecigiccangaaggagaaagageatagicasggeacagiieatotagaiy
gectgaggiggcsigoiagoigegaipaagoatgighiiecocticopageicioteast

SEQID NG 18
>ohrY 244417
$1_24441887 -

f1-127

ageigagticciocasnigocaggocangpagaagagtacagactcaaaggpaigatticatulageigyg
gotgagggoctgefggoigpeptigaageatgigiteegoticosagoiatestget

SEQ D NG 1S
»ohyY 248172
87 24817413

ggoigagiiecioeacoigoiadacoangaagangagpacagactioasaguatocaitoaictagtiges
cigagppoctgeiggolagpgigaagonigogitiicocticonagotatonnact

+1.127
SEG D NG 20 | geoigagioctecaceigotacaccaagaagiagiggacagacinaasggatocatttcatetagitgse
moheY 236710 | cigeggpocigotggctagpetpaugeaigegtitticoctivecagetoteccaat

61 23ETIIRT -
1127

SEG NG 21
mohrY 2BISLT
33 28391849
o327

ggotgagticctocacoigolacacoaagaagragageacagacicaaaggatocatticatctaghigge
cigaggzocigotggotiagagigasgoatgoeghtticocticesagoiaioasact

SEG ID NO. 22
>ehrY 612351
3 6123841 1
130

ggeogagiicoiccacoigoctgiocaagaaggagaaacagggotgigasgrapsanttoatctagety
gacigaggiggeativtagecgggginaageatgegiivecesticocagoitiontgat

HoheY 614214
¢ 6142268 +A1
~§ 29

EROIgagtioliocacoigoCtEIctEAgaa g Ra SRAARARAI SRICHEEERACHAtCAtCISEEIERE
stgaggiggcoigeiageiggggigaageatgigtiiiconsticeagatctoecant

SEQTH NO. 24
Sehry 812112
9 8121282 /1~
124

geecgagttoctecaccigocaggocasgaagaggacagacicnangipaecatticatitagotgtipoty
agggectsciggotggagigaageatgegtticeesiicesagototosaiet

SEOIDHNG 35
sohryY DOBGIE
2 9086511 /1

gectgagtiociocacoigentgiocaagragpagasagaggaiggicaaggeacaatticateiagptio
agolgaggargectgoiggoigggecyangontgegatitoccticecagotatoosalt

US 9,328,385 B2
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130

SEQ D NQO. 26
»chrY 918432

b_P1B4450
-138

geecgaghceiocaceigoctglocaagarggagaaacagggetpigaaggggeaatiicaictagyly
grotgaggigsoatictagocggggtigaageatgogtitecoatioceagetiicoeget

BEQIDNG. 27
>chr¥ 920461
& _S304743 471
-130

gaecgagticoiocacotgouigicraagraggagaaavagyggotgiganggggoantiicalciagely
ggotgaggigaeaticiagoocggggigaagoaigegtitessaticocagattioosget

SEQ 1D MO. 28
=ghe'Y 922483

2 _S2Is081 N
-130

ggeegagticolocacaigootiglocragangyagaancaggpoigigaaggagoantiteatctaggty
ggoigaggigpeatictagocgganivaageatpogtticoccticocagetiiceoget

BEQ 1D NQO. 28
sohrY 929348

78293618 41
-13¢

gaocgagitocicsaccigactgiccaagaaggagaancaggpoiptigaagapgoanttioaiciaggty
geotgagpotggestictagosggegtgaagoatgegtttccccticooagontesaget

SEQ D NO. 30
aebyY 931378
6 9313925 441
-130

ggoegagiicotocacoigocigiccangaagpsgraacagagoigigaaggggeaatticactagety
ggoigaggtggoatictagecypagignagoatgogittocectiooeageineecget

SEQ I MO, 31
»ehrY 933409
§_9333227 41
-130

geoogagticctiecacotgeotgiocangaaggagaancaggecigigaagpageaatitcalctagptg
ggeigaggtggeatictagocggggigaageaigogttteccoticoeageiiicesget

SEQ ID NG, 32
>chrY 935441
{ 9354539 +1
=130

geoopagitocicaccigocigiccangasggagaagcagggeigigaaggpoantiicatciaggty
ggoigaggiggsactolagorggesigaagoaigogiitooueticosageiiicuegel

SEQ ID NO. 33
>ehe¥ 937471
5 9374845 /1
~130

ggoogagiccticcacoigetglecaagaaggaganacaggeciyigaagggseanitioaictagght
gaotgaggizpcativtagocgggdigaagoatgugtiiococticecagetitoocant

>chr'Y 987538
9 9873489 /1
131

SEQ D NGO, 34 | ggetgagricticeaccigocigicigagaapgagasagagatggicaagggacantitoatotagripny
»olrY B73810 | cigaggtggocigclagetggppigaagestpigittecocttcocageteicocact

& 9738234 /1.

136

SEQ I NG, 35 | gpotgagiicooocaciacotg aooasganpiagasagaggacagactonsaggagoatitoatgtagot

ggsctigagpigaciigatageiggggtgaagest giphttelooticecagetsicocant

BEQ 1D NO. 36
SehrY 089624
2 9896371 /1.
139

geotgagticoteoaroigocigitoangaaggagaangapaatggieaagggacaatitoatniagaty
gectgaggigpocigoisgotgpagigaagoatgogiitcccetticeagetoloccact

US 9,328,385 B2
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METHOD FOR QUANTIFYING HUMAN DNA
USING AN INTERNAL CONTROL

This application is a National Stage of PCT/EP2012/
000833, filed Feb. 20, 2012 which claims priority to European
Application No. 11155178.4, filed Feb. 21, 2011 and U.S.
Provisional Application No. 61/588,975, filed Jan. 20, 2012,
the disclosures of which are incorporated herein by reference
in their entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Sep. 10, 2013, is named
0051MAO01US1Sequencelisting.txt and is 12,983 bytes in
size.

FIELD OF THE INVENTION

The present invention is in the field of molecular biology,
diagnostics, more particularly in the field of analytical and
forensic sciences. The invention is further in the field of
nucleic acid amplification and quantification, more particu-
larly in the field of DNA quantification.

Moreover, the early assessment of the presence of different
contributors in a DNA stain is often a very important piece of
information during an investigation. In this case, the STR
analysis will result difficult because of the interference of the
multiple contributors.

A particular case of a mixed sample is the sexual assault
stain containing a mixture of female and male DNA. The
accurate determination of the male: female DNA ratio helps
in the selection of the optimal downstream STR analysis. In
the case of a very low amount of available offender DNA a
particular type of STR analysis can be carried out addressing
genetic elements present exclusively on the Y-chromosome,
thus excluding the interference of the female contribution.

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Aug. 16, 2013, is named
0051_MAO1US1_Sequence_Listing.txt and is 16685 bytes
in size.

BACKGROUND

The determination of the quantity of DNA recovered from
forensic samples as well as other samples is a critical step in
the over all DNA typing process, but also in the detection of
DNA in various other fields of science. A narrow range of
input DNA from 0.5 to 2 ng is often needed to produce
optimal results with for example multiplex DNA typing kits.
Therefore, in order to ensure that a positive result is a positive
result and/or a negative result is a negative result due to the
absence of DNA, quantification of DNA is of absolute impor-
tance. Furthermore, the quality of standards for forensic DNA
testing laboratories requires human-specific DNA quantifica-
tion. This is due to isolation techniques that can recover
human DNA as well as bacterial and other exogenous DNA.
A number of procedures have been developed to permit quan-
tification of human-specific DNA including start-blot tech-
niques, liquid based hybridization assays and real-time PCR
(polymerase chain reaction). Currently, real-time PCR is the
dominant technique due to its wide dynamic range and ease of
automation.
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The modern STR-Kits have become much more sensitive
and can obtain good results even using low amounts of DNA.
Therefore, there is a desire for a method, kit and nucleic acid
region that allows precise and accurate quantification of
human DNA even in low concentrated samples. There are
certain quantification and detection kits already available,
however, these have serious drawbacks. One such kit is the
Quantifiler Human Kit (Applied Biosystems) another kit is
Quantifier Duo Kit (Applied Biosystems) another kit is the
Plexor HY Real-Time PCR Quantification Kit (Promega).
Both the Quantifiler Duo Kit and the Plexor HY Kit target an
autosomal and a gonosomal (Y-chromosome) target on the
genome. Drawbacks for the kits: According to LaSalle et al.,
(Forensic Science International: Genetics, “Analysis of
Single and Multi-copy Methods for DNA Quantification by
Real-Time Polymerase Chain Reaction”) the Quantifier Kits
are more accurate in the quantification but have a lower
dynamic range as the Plexor HY. The Plexor HY offers a
higher dynamic range due to the amplification of a multicopy
target, but a lower accuracy. This lower accuracy can be
attributed to the multicopy target. If less than the full set of 20
copies on a genome amplify, because of, for example, insta-
bility in the target copy number, than the ratio between the
amplification between autosomal and gonosomal (Y) target
may vary. The dynamic range of the Plexor HY kit is slightly
better than that of the other kit (LaSalle et al., Forensic Sci-
ence International: Genetics, “Analysis of Single and Multi-
copy Methods for DNA Quantification by Real-Time Poly-
merase Chain Reaction™). In a statistical comparison LaSalle
et al. demonstrated a significant difference between the two
kits.

Another important parameter in forensics is the degrada-
tion grade of the DNA that has to be analyzed. Since the
amplicon size of the Quantifiler Human and Plexor HY vary
from 62 to 133 base pairs (bp), significant differences might
be expected when the kits are applied to degraded DNA. Also,
inhibitors must be taken into account. It may well be that
DNA is present in the reaction no result is obtained due to the
presence of inhibitory substances.

SUMMARY OF THE INVENTION

The present invention solves the above identified problem
and provides for the following solution as outlined below.

The invention relates to a method for quantifying and/or
detecting one or more nucleic acids of a genome in a sample,
wherein in an amplification reaction, (a) a first nucleic acid is
amplified, the locus that is amplified is a multicopy locus
(MCL) within the genome, wherein the locus shares at least
80% sequence identity to a sequence according to SEQ ID
NO:1 over a stretch of 80 base pairs, and wherein, the multi-
copy locus has copies on at least two different chromosomes,
(b) a second nucleic acid that has been added as an internal
control is also amplified, and (c¢) the amount of amplification
product from the amplification of the first nucleic acid is
determined.

The invention also relates to a primer and primer pair for
amplifying the first nucleic acid (MCL).

Further, the invention relates to a primer and primer pair for
amplifying the second nucleic acid (IC).

Further, the invention relates to a primer and primer pair for
amplifying the third nucleic acid (MCL-Y)

These may be in a kit. Hence, the invention also relates to
a kit for detecting and/or quantifying human nucleic acids

Herein, the first nucleic acid is a multicopy locus as out-
lined in more detail below and often referred to as “MCL”.
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Herein, the second nucleic acid is an internal control as
outlined in more detail below and is often referred to as “IC”.

Herein, the third nucleic acid is a multicopy locus on the
Y-chromosome as outlined in more detail below and is often
referred to as “MCL-Y”.

DETAILED DESCRIPTION OF THE INVENTION

As outlined above the quantification and detection of
human DNA is difficult. Often, inhibitory substances lead to
a negative PCR result, even though an adequate amount of
DNA for amplification would actually be present in the
sample.

The present invention solves this problem. It relates to a
method for quantifying and/or detecting one or more nucleic
acids of a genome in a sample, wherein in an amplification
reaction, (a) a first nucleic acid is amplified, the locus that is
amplified is a multicopy locus (MCL) within the genome,
wherein the locus shares at least 80% sequence identity to a
sequence according to SEQ ID NO:1 over a stretch of 80 base
pairs, and wherein, the multicopy locus has copies on at least
two different chromosomes, (b) a second nucleic acid that has
been added as an internal control is also amplified, and (¢) the
amount of amplification product from the amplification of the
first nucleic acid is determined.

Astonishingly, the inventors have found that multicopy loci
that are not a repetitive element are superior to other loci when
used for detection and/or quantification of nucleic acids. It is
well known, that repetitive elements may vary in copy num-
ber between individuals. In general, these nucleic acids may
have any origin, prokaryotic, eukaryotic or the like. Prefer-
ably they are mammalian and more preferably human. This is
because one great advantage of the present invention is its
application in the field of forensics.

One such sequence is identified in SEQ ID NO:1. The
inventors have astonishingly found that this sequence and/or
sequences that share sequence similarity with it may be found
many times in the human genome.

The sequences distributed throughout the genome are not
all exactly identical. It is important that the selected primers
bind also to the nearly identical sequences. Thus, ideally the
locus shares at least 60%, 70%, 80%, 90% or even 95% or
98% sequence identity to a sequence according to SEQ ID
NO:1 over a stretch of 80 base pairs.

The determination of percent identity between two
sequences is accomplished using the mathematical algorithm
of'Karlin and Altschul (Proc. Natl. Acad. Sci. USA (1993) 90:
5873-5877). Such an algorithm is the basis of the BLASTN
and BLASTP programs of Altschul etal. (J. Mol. Biol. (1990)
215: 403-410). BLAST nucleotide searches are performed
with the BLASTN program, score=100, word length=12, to
obtain nucleotide sequences homologous SEQ ID NO. 1. To
obtain gapped alignments for comparative purposes, Gapped
BLAST is utilized as described by Altschul et al. (Nucleic
Acids Res. (1997) 25: 3389-3402). When utilizing BLAST
and Gapped BLAST programs, the default parameters of the
respective programs are used.

It is an aspect of the invention that multiple copies are
amplified. Ideally, atleast 4, 5,6,7,8,9,10,11,12,13, 14,15,
16,17, 18,19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29 copies on
various chromosomes are amplified. SEQ ID NO:1 or
sequences very similar thereto are present 29 times in the
human genome. This is not just astonishing but provides for
the power of the present method. Also, the copies may be
found on various chromosomes such as 1, 4, 5, 7, 11, 16.

It is important to note, that SEQ ID NO:1 like sequences as
defined herein and/or SEQ ID NO:15 like sequences as

10

15

20

25

30

35

40

45

50

55

60

65

4

defined herein may be used in the method according to the

invention. The preferred embodiments outlined below for the

method using the SEQ ID NO:1 sequence all apply likewise
to the SEQ ID NO:15 sequence. Preferably they are used
together in one method.

Itis important to note, that SEQ ID NO. 1 like sequences as
defined herein and/or SEQ ID NO. 15 like sequences as
defined herein may be used in the method according to the
invention. The preferred embodiments outlined below for the
method using the SEQ ID NO. 1 sequence all apply likewise
to the SEQ ID NO. 15 sequence. Preferably they are used
together in one method.

Multi-Copy Locus on the Y-Chromosome:

Astonishingly, the inventors have also found that multi-
copy loci on the Y-chromosome are superior to other loci
when used for detection and/or quantification of nucleic
acids, because the sensitivity of the reaction can be enhanced.
This is because one great advantage of the present invention is
its application in the field of forensics.

One such sequence is identified in SEQ ID NO:15. The
inventors have astonishingly found that this sequence and/or
sequences that share sequence similarity with it may be found
many times on the Y-chromosome.

The invention relates also to a method for quantifying
and/or detecting one or more nucleic acids of a genome in a
sample, wherein in an amplification reaction,

a. afirst nucleic acid is amplified, the locus that is amplified is
a multicopy locus on the Y chromosome (MCL) within the
genome, wherein the locus shares at least 80% sequence
identity to a sequence according to SEQ ID NO:15 over a
stretch of 80 base pairs,

b. a second nucleic acid that has been added as an internal
control (IC) is also amplified,

¢. the amount of amplification product from the amplification
of the first nucleic acid is determined.

The sequences distributed throughout the Y-chromosome
are not all exactly identical. It is important that the selected
primers bind also to the nearly identical sequences. Thus,
ideally the locus shares at least 60%, 70%, 80%, 90% or even
95% or 98% sequence identity to a sequence according to
SEQ ID NO:15 over a stretch of 80 base pairs.

The forensic workflow of sexual assault samples suggests
the quantification ofthe male DNA before the STR reaction is
carried out. This is done first to help in the decision of which
kind of STR Kit has to be used for the genetic analysis, and
then to determine how much DNA was obtained from a
sample, e.g. collected from a crime scene, and how much of
this DNA should be used in a STR reaction. Different STR
Kits are available, the typical STR Kit detects genetic length
polymorphisms on different autosomal chromosomes, but in
some cases, such as with sexual assault samples, the analysis
of length polymorphisms exclusively on the Y-chromosome
could be advantageous, because the female DNA doesn’t
have aY chromosome.

The typical STR reaction works optimally in certain range
of'template DNA and the whole analysis is very labor-inten-
sive, therefore methodologies are needed that ensure a very
high success rate in the STR analysis. Therefore, it is a real
advantage if the quantification kit enables the user not only to
surely identify the amount of DNA present but also to assess
the absence of inhibitors, which could compromise the STR
reaction result, which would result in failure or loss of valu-
able sample material, which could be further purified in case
critical inhibition is observed.
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Ideally, the amplification product of the third nucleic acid
(MCL-Y) is between 60 base pairs and 200 base pairs long,
between 80 and 300, between 100 and 200 or between 120
and 180 base pairs.

In apreferred embodiment, the third nucleic acid (MCL-Y)
is about 130 base pairs in length (+/-20%).

One feature of the invention is a novel internal control (IC)
for detection of PCR inhibitors. The IC is co-amplified in
parallel in the same reaction vial with one or more specific
targets. The IC is used to detect PCR inhibitors in the reaction.
Hence, inhibition of the IC, detectable by a shift in the thresh-
old cycle in real-time PCR, is a marker for the presence of
certain amounts of PCR inhibitors in the reaction.

The forensic workflow suggests the quantification of the
DNA before the STR reaction is carried out. This is done to
determine how much DNA was obtained from a sample, e.g.
collected from a crime scene, and how much of this DNA
should be used in a STR reaction. The typical STR reaction
works optimally in certain range of template DNA and the
whole analysis is very labor-intensive, therefore methodolo-
gies are needed that ensure a very high success rate in the STR
analysis. Therefore, it is a real advantage if the quantification
kit enables the user not only to surely identify the amount of
DNA present but also to assess the absence of inhibitors,
which could compromise the STR reaction result, which
would result in failure or loss of valuable sample material,
which could be further purified in case critical inhibition is
observed.

In the present invention, the nature of the IC is astonish-
ingly such that it fits to the recent forensic workflows by
reporting the presence of inhibitors, but still giving a good
quantification result, providing a stable Ct value of internal
control over the whole DNA concentration range when
inhibitors are present at uncritical level, and has a high cor-
relation level of inhibitors critical for the STR reaction. Some
of the new generation of STR kits recently introduced in the
market demonstrate increased inhibitor resistance as kits
introduced earlier. These new STR kits have been further
developed to provide higher resistance to PCR inhibitors,
which also provides new requirements to the DNA quantifi-
cation methodology, by providing an IC that only reports
levels of inhibition that are significant for the success of the
subsequent STR reaction.

The IC of the present invention carries a control DNA
sequence that does not occur in the sample nucleic acid,
allowing the selection of oligonucleotide primers and/or
probes that specifically only detect the IC.

In a preferred embodiment, the IC is a PCR product or a
plasmid carrying the control DNA sequence. Alternatively,
the IC could also be a synthetic longmer, or a plasmid or any
other kind of vector.

In a preferred embodiment also the amount of amplifica-
tion product of the second nucleic acid is determined.

The amplification method is either a non-isothermal
method or an isothermal method.

The non-isothermal amplification method may be selected
from the group of polymerase chain reaction (PCR) (Saiki et
al. (1985) Science 230:1350), quantitative real-time PCR (rt-
PCR), ligase chain reaction (LCR) (Landegren et al. (1988)
Science 241:1077-1080). Polymerase chain reaction ampli-
fication is preferred.

The isothermal amplification method may be selected from
the group of helicase-dependent amplification (HDA) (Vin-
cent et al. (2004) EMBO rep 5(8):795-800), thermostable
HDA (tHDA) (An et al. (2005) J Biol Chem 280(32):28952-
28958), strand displacement amplification (SDA) (Walker et
al. (1992) Nucleic Acids Res 20(7):1691-6), multiple dis-

25

30

35

40

45

50

55

6

placement amplification (MDA) (Dean et al. (2002) Proc Natl
Acad Sci USA 99(8): 5261-5266), rolling-circle amplifica-
tion (RCA) (Liu et al. (1996) J] Am Chem Soc 118:1587-
1594), restriction aided RCA (Wang et al. (2004) Genome
Res 14:2357-2366), single primer isothermal amplification
(SPIA) (Dafforn et al. (2004) Biotechniques 37(5):854-7),
transcription mediated amplification (TMA) (Vuorinen et al.
(1995) J Clin Microbiol 33: 1856-1859), nicking enzyme
amplification  reaction (NEAR) (Maples et al.
US2009017453), exponential amplification reaction (EX-
PAR) (Van Ness et al. (2003) Proc Natl Acad Sci USA 100
(8):4504-4509), loop mediated isothermal amplification
(LAMP) (Notomi et al. (2000) Nucleic Acids Res 28(12):
e63), recombinase polymerase amplification (RPA) (Piepen-
burg et al. (2006) PloS Biol 4(7):1115-1120), nucleic acid
sequence based amplification (NASBA) (Kievits et al. (1991)
J Virol Methods 35:273-286), smart-amplification process
(SMAP) (Mitani et al. (2007) Nat Methods 4(3):257-62).

By “isothermal amplification reaction” in context of the
present invention it is meant that the temperature does not
significantly change during the reaction. In a preferred
embodiment the temperature of the isothermal amplification
reaction does not deviate by more than 10° C., preferably by
not more than 5° C., even more preferably not more than 2° C.
during the main enzymatic reaction step where amplification
takes place.

Depending on the method of isothermal amplification of
nucleic acids different enzymes are required for the amplifi-
cation reaction. Known isothermal methods for amplification
of nucleic acids are the above mentioned, wherein the at least
one mesophilic enzyme for amplifying nucleic acids under
isothermal conditions is selected from the group consisting of
helicase, mesophilic polymerases, mesophilic polymerases
having strand displacement activity, nicking enzymes,
recombination proteins, ligases, glycosylases and/or
nucleases.

“Helicases” are known by those skilled in the art. They are
proteins that move directionally along a nucleic acid phos-
phodiester backbone, separating two annealed nucleic acid
strands (e.g. DNA, RNA, or RNA-DNA hybrid) using energy
derived from hydrolysis of NTPs or dNTPs. Based on the
presence of defined helicase motifs, it is possible to attribute
ahelicase activity to a given protein. The skilled artisan is able
to select suited enzymes with helicase activity for the use in a
method according to the present invention. In a preferred
embodiment the helicase is selected from the group compris-
ing helicases from different families: superfamily I helicases
(e.g. dda, perA, F-plasmid tral protein helicase, uvrD), super-
family Il helicases (e.g. recQ, NS3-helicase), superfamily 111
helicases (e.g. AAV rep Helicase), helicases from DnaB-like
superfamily (e.g. T7 phage helicase) or helicases from Rho-
like superfamily.

The amplification methods will comprise buffers, INTPs
or NTPs in addition to the enzymes required.

As used herein, the term “dNTP” refers to deoxyribo-
nucleoside triphosphates. Non-limiting examples of such
dNTPs are dATP, dGTP, dCTP, dTTP, dUTP, which may also
be present in the form of labelled derivatives, for instance
comprising a fluorescent label, a radioactive label, a biotin
label. ANTPs with modified nucleotide bases are also encom-
passed, wherein the nucleotide bases are for example hypox-
anthine, xanthine, 7-methylguanine, inosine, xanthinosine,
7-methylguanosine, 5,6-dihydrouracil, S-methylcytosine,
pseudouridine, dihydrouridine, S-methylcytidine. Further-
more, ddNTPs of the above-described molecules are encom-
passed in the present invention.
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As used herein, the term “NTP” refers to ribonucleoside
triphosphates. Non-limiting examples of such NTPs are ATP,
GTP, CTP, TTP, UTP, which may also be present in the form
of'labelled derivatives, for instance comprising a fluorescent
label, a radioactive label, a biotin label.

In a preferred embodiment the amplification method is a
polymerase chain reaction or a real-time PCR reaction and
the amount of nucleic acid determined, is determined either
during the amplification process or as an end point measure-
ment at the end of the amplification reaction.

Oligonucleotide primers may be prepared using any suit-
able method, such as, for example, the phosphotriester and
phosphodiester methods or automated embodiments thereof.
In one such automated embodiment diethyl phosphoramid-
ites are used as starting materials and may be synthesized as
described by Beaucage et al. (1981) Tetrahedron Letters
22:1859-1862. One method for synthesizing oligonucle-
otides on a modified solid support is described in U.S. Pat.
No. 4,458,006. It is also possible to use a primer, which has
been isolated from a biological source (such as a restriction
endonuclease digest). Preferred primers have a length of
about 6-100 bases, more preferably about 20-50, most pref-
erably about 20-40 bases. DNA Quantification using real-
time PCR.

During PCR, the amount of DNA theoretically doubles
with every cycle. After each cycle, the amount of DNA is
twice what it was before.

The absolute amount of DNA in an unknown sample is
preferably determined using the IC.

Using real-time PCR techniques, fluorescence is detected
and measured in the real-time PCR thermocycler, and its
geometric increase corresponding to exponential increase of
the product is used to determine the threshold cycle (CT) in
each reaction.

A standard curve (plot of CT value/crossing point against
log of amount of standard) is generated using different dilu-
tions of the standard. The CT value of the unknown samples
is compared with the standard curve, allowing calculation of
the initial amount of the target. It is important to select an
appropriate standard for the type of nucleic acid to be quan-
tified. To generate a standard curve, at least 5 different
amounts of the standard should be quantified, and the amount
of'unknown target should fall within the range of the standard
curve. Hence, in one embodiment also the above quantifica-
tion steps are performed.

Ideally, the amplification product of the first nucleic acid
(MCL) is between 60 base pairs and 200 base pairs long,
between 80 and 300, between 100 and 200 or between 120
and 180 base pairs.

Further, ideally, the amplification product of the second
nucleic acid (IC) is between 60 and 400, between 100 and 400
base pairs, between 80 and 300 base pairs or between 150 and
250 base pairs.

Astonishingly it has turned out that, if the amplification of
the second nucleic acid (IC) is longer than the amplification
product of the first nucleic acid (MCL) better results may be
achieved.

In a preferred embodiment, the first nucleic acid (MCL) is
about 140 base pairs in length (+/-20%) and the second
nucleic acid (IC) is about 200 base pairs in length (+/-20%).

In apreferred embodiment, the third nucleic acid (MCL-Y)
is about 130 base pairs in length (+/-20%).

Ideally, the amplification reaction comprises, (i) Tris-HCl
ata pH of between 8 and 8.8 (at 20° C.) and/or, (ii) potassium
salt selected from the group of, potassium chloride and potas-
sium sulphate and/or, (iii) an ammonium salt, preferably
ammonium chloride or ammonium sulphate and/or, (vi) mag-
nesium chloride and/or, (v) a hot-start polymerase.

Preferably, the concentration of Tris-HCI is in the range
from 10 to 100 mM, most preferably in the range from 20 to
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70 mM, the concentration of K* is in the range from 1-25 mM,
most preferred in the range from 2.5 to 20 mM, the concen-
tration of NH,* in range from 1 to 40 mM, most preferred in
the range from 2.5 to 30 mM, and a concentration of Mg** of
0.5 mM to 8 mM in excess to the concentration of the four
dNTP’s, most preferred a concentration of Mg>* of 0.7 mM to
5 mM in excess to the concentration of the four dNTP’s, a
hot-start polymerase, preferentially a hot-start polymerase
allowing a hot-start time of less than 5 min, most preferred
below 2 min.

It is important that the amount of second nucleic acid is
correctly chosen. This IC is able to determine whether there is
DNA in the reaction or whether possibly no reaction product
is obtained due to the fact that an inhibitor is present in the
reaction. A reaction typically has a volume of between 5 and
100 pl, more preferred in range from 7 pl and 75 pl, most
preferred in range from 10 pl and 50 pl, ideally in range from
15 wl and 25 pl.

The inventors have found out, that between 100 and 5000
copies of the second nucleic acid (IC) are ideal. Preferably
between 200 and 2000 copies are present, more preferably
between 500 and 1500 copies, more preferably 1000 copies
(+/-20%). The amount in pg/pl depends on the size/length of
nucleic acid. Preferably the nucleic acid is a PCR product or
plasmid DNA.

The invention also relates to a primer for amplifying the
first nucleic acid (MCL) selected from the group of

(SEQ ID NO: 12/4N-S1C Pr)
a. 5'-CCGGGAAGCAGAAGGTGG-3'
(SEQ ID NO: 11/4N-S1C)
b.  5'-Fam-CGAGCTCAGTTGTGCCTGTAGAGCTCG-dabeyl-C18-
ACCTCTTCCTCTTGGCTGGG-3 !

The invention further relates to a primer pair for amplitying
the first nucleic acid (MCL) consisting of the primers as
follows:

(SEQ ID NO: 12/4N-S1C Pr)

¢.  5'-CCGGGAAGCAGAAGGTGG-3'
(SEQ ID NO: 11/4N-S1C)
d.  5'-Fam-CGAGCTCAGTTGTGCCTGTAGAGCTCG-dabeyl-C18-

ACCTCTTCCTCTTGGCTGGG-3!

The invention further relates to a primer for amplifying the
second nucleic acid (IC) selected from the group of

(SEQ ID NO: 13/AT-IC Rev.)

e.  5'-GCTATCCAGTGTGCCTAGGCAA-3'
(SEQ ID NO: 14/AT-IC Yak)
f.  5'-YAK-TGGCGTAGTCGTTCAACGCCA/Dabeyl/HEG/CCACGA

GCGTACTTCGACTGAA-3!

The invention also relates to a primer pair for amplifying
the second nucleic acid (IC) consisting of:

(SEQ ID NO: 13/AT-IC Rev.)

g.  5'-GCTATCCAGTGTGCCTAGGCAA-3'
(SEQ ID NO: 14/AT-IC Yak)
h.  5'-YAK-TGGCGTAGTCGTTCAACGCCA/Dabeyl/HEG/CCACGA

GCGTACTTCGACTGAA-3!
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The invention also relates to a primer for amplifying the
third nucleic acid (MCL-Y) selected from the group of:

(SEQ ID NO:
a. 5'-TGGCTGAGTTCCTCCACCTG-3"'

37; MCL-Y Pr)

(SEQ ID NO: 38/MCL-Y Scorp)
b. 5'-Quasaré70-cgaccgtgaagcatgcgtttcggtcg-BHQ2 -

Cl8-agtgggagagctgggaa-3'

Note, herein in all cases where a Scorpion primer is
depicted (Scorp) as above for SEQ ID NO:38 the priming part
of the primer is the 3'-prime part and the invention relates in
such a case preferably to this part and not the probe part
(agtgggagagcetgggaa-3") (nucleotides 27-43 of SEQ ID
NO:38).

Further, the invention relates to a kit for detecting and/or
quantifying human nucleic acids, wherein the kit comprises
one or more primers that, under stringent conditions, binds a
sequence that shares at least 80% sequence identity to a
sequence according to SEQ ID NO:1 over a stretch of 80 base
pairs and, at least one primer or probe that stringently binds
the second nucleic acid (IC), or comprises a primer or primer
pair according to those outlined above.

Ideally, the kit has at least one primer that has a nucleotide
sequence that differs from SEQ ID NO:2, 3,5, 6, 8,9, 10, 11
and/or 12 and/or SEQ ID NO:37 and/or 38 by no more than 5
nucleotides over a stretch of 18 nucleotides. Ideally, the kit
has a nucleotide sequence that differs from SEQ ID NO:2, 3,
5,6,8,9,10,11 and/or 12 and/or SEQ ID NO:37 and/or 38 by
no more than 5 nucleotides over a stretch of 18 nucleotides.

FIGURE CAPTIONS

FIG.1

FIG. 1 demonstrates the advantages of the invention by
minimized reaction time. The “Qiagen Investigator Quanti-
plex” stands for a special embodiment of the method in scope
of the invention. The first column (from left) shows the run
time of the Qiagen Investigator Quantiplex” method on the
Rotor-Gene Q real-time PCR instrument (Qiagen). Column 2
show the run time of the “Qiagen Investigator Quantiplex”
method on the 7500 Fast PCR System from Applied Biosys-
tems. For comparison, column 3 shows the run time for the
Quantifier Human Kit from Applied Biosystems, run on the
7500 Real-time PCR System from Applied Biosystems, col-
umn 4 shows the run time for the Quantifier Duo Kit from
Applied Biosystems run on the 7500 Real-time PCR System
from Applied Biosystems, and column 5 shows the run time
for the Plexor HY Kit from Promega, run on the 7500 Real-
time PCR System from Applied Biosystems.

FIG. 2

FIG. 2 shows a comparison of the accuracy of the different
quantification methods in relation to the theoretical concen-
tration. “Quantiplex Investigator” stands for a special
embodiment of the method in scope of the invention. The
commercially available quantification kits were set up and
analyzed as described in the appropriate handbook. A serial
dilution of human reference DNA (obtained from National
Institute of Standards and Technology, USA) at known con-
centration was used as a template for all of the three kits. The
“Quantiplex Investigator” method provides high accuracy to
quantify all amounts of used template at their correct concen-
trations with a maximum error of 20%, especially the con-
centrations of 6.25 pg/ul and below were much more
adequately quantified compared to the Quantifier Human
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method (based on Quantifier Human Kit from Applied Bio-
systems), which uses a single copy target, and the Plexor HY
method (based on Plexor HY Kit from Promega), which uses
a target present at few copies, reference given in description.
Quantifier Human method (based on Quantifier Human Kit
from Applied Biosystems which uses a single copy target)
showed high fluctuations or even failed to generate a quanti-
fication result at and below 12.5 pg/ul human DNA. The
Plexor HY shows high deviations from the theoretical quan-
tification results. 2 pl of given dilutions of the human refer-
ence DNA were used in each reaction. Concentrations refer to
the concentration in the template solution. NTC: no template
control.

FIG.3

FIG. 3 shows no copy-number variation of the human
marker detected by SEQ ID NO:11 and SEQ ID NO:12 in
genomic DNA samples from donors of different ethnic
groups. A quantitative real-time PCR was run using to com-
pare a human specific single-copy target and the Investigator
Quantiplex multi-copy target. The ACT between the two tar-
gets is shown for the different populations. It becomes visible
that the ACT is constant in all populations, demonstrating a
constant copy number of the region detected by SEQ ID
NO:11 and SEQ ID NO:12.

FIG. 4

FIG. 4 shows the importance of high sensitivity and correct
quantification (shown in FIG. 2) by means of STR analysis
following the quantification reaction. In FIG. 4 the serial
dilution of human DNA from FIG. 2 was used to generate the
shown STR profiles following the protocol for the Investiga-
tor ESSplex Kit (Qiagen). It demonstrates the possibility to
obtain a complete STR profile even from the lowest concen-
tration used in FIG. 2, demonstrating the usefulness of highly
accurate quantification even of low template amounts.

FIG.5

FIG. 5 shows a dataset from the literature on the inhibition
of'the AmpF1STR Identiler reaction by hematin, Using Iden-
tifier (taken from the source indicated below—Quantifier
Human page 137) the DNA fingerprinting reaction works till
a hematin concentration up to 20 uM.

Source: www3.appliedbiosystems.com/cms/groups/
applied_markets_support/documents/generaldocuments/
cms _041395.pdf

FIG. 6

FIG. 6 shows a dataset from the literature on the inhibition
of the AmpF1STR NGM Kit. This is a so-called “next gen-
eration STR-Kits”, which are much more resistant to the
presence of inhibitors, in the example below up to 75 uM
hematin.

Source: marketing.appliedbiosystems.com/images/All_
Newsletters/Forensic_0710/pdfs/Customer-Corner/next-
Generation.pdf

FIG.7

FIG. 7 shows an example of inhibitor sensitivity in quan-
tification reactions. Data are taken from the developmental
validation reports of the commercial kits Quantifier Human
and Y. Data are available in the validation report of the kit
supplier, at:

Quantifier Human www?3.appliedbiosystems.com/cms/
groups/applied_markets_suppor-t/documents/general docu-
ments/cms_041395.pdf

Quantifier Duo www.appliedbiosystems.com.br/site/ma-
terial/5q7aqqbm.pdf

The forensic workflow suggests the quantification of the
DNA before the STR reaction is carried out. This is done to
determine how much DNA was obtained from a sample, e.g.
collected from a crime scene, and how much of this DNA
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should be used in a STR reaction. The typical STR reaction
works optimally in certain range of template DNA and the
whole analysis is very labor-intensive, therefore methodolo-
gies are needed that ensure a very high success rate in the STR
analysis. Therefore, it is a real advantage if the quantification
kit enables the user not only to surely identify the amount of
DNA present but also to assess the absence of inhibitors,
which could compromise the STR-reaction result, which
would result in failure or loss of valuable sample material,
which could be further purified in case critical inhibition is
observed.

The data show that only the combined Quantifier Human
and Y kit show a slightly lower stability of the Internal Con-
trol target in comparison to the human target. In this case, the
Ct value of the IC shifts to higher values when an inhibitor is
contained in the DNA sample, while the Ct value of the
Human and the Y kits remain stable, at least for smaller
amounts of hematin. In the case of the Quantifier human and
Y Kits the resistance to inhibitors such as hematin is quite
little (between 16 uM and 20 pM hematin in the reaction).
Hence, methodologies are missing that are compatible with
higher amounts of inhibitor resistance as required for the next
generation of STR kits.

FIG. 8

FIG. 8 shows an example of inhibitor sensitivity in quan-
tification reactions. Data are taken from the developmental
validation reports of the commercial kit Quantifier Duo Data
are available in the validation report of the kit supplier, at:

Quantifiler Duo www.appliedbiosystems.com.br/site/ma-
terial/5q7aqqbm.pdf

The internal control system in the Quantifier Duo Kit is
more stable than the human specific target in the presence of
inhibitors. The utility of the internal control system in this
case is of course low because the internal control system
doesn’t give any indication of the presence of inhibitors in the
sample while the DNA quantification is already compro-
mised. In fact, the Ct values of the RPPH1 and of the SRY
systems shift to higher values even at low amounts of inhibi-
tors. The dramatic increase of the Ct value of the RPPHI1
system to >40 in the presence of 12.5 uM hematin makes the
quantification of the human DNA impossible.

The resistance to the presence of inhibitors in the sample is
very low in comparison to the new generation STR-kits (i.e.
10 uM hematin and 3.75 ng/pl humic acid).

FIG. 9

FIG. 9 shows an example of inhibitor sensitivity in quan-
tification reactions. Data are taken from the developmental
validation reports of the commercial kit Plexor HY. Data are
available in the validation report of the kit supplier, at:

Plexor HY www.promega.com/plexorhy/an157.pdf

The Plexor HY Kit shows quite the same stability of the
Internal Control target in comparison to the human target, as
visible by a comparable shift of the Ct to higher values for the
autosomal target (upper panels) and the Internal control (IPC)
shown in the lower panels. In this case, the Ct value of the IC
shifts to higher values when an inhibitor is contained in the
DNA sample. Even the Ct value of the human specific target
shifts to higher levels when the inhibitor is contained in the
sample, thus compromising the DNA quantification. In the
case of the Plexor HY the resistance to inhibitors such as
hematin is quite little (ca. 25 pM hematin in the reaction).

FIG. 10

FIG. 10 shows result of a reaction in scope of the invention
in presence of the given concentrations of the PCR inhibitors
Humic Acid and Hematin.

Through the use of the invention a high stability of the
internal control to higher concentrations of inhibitors and a
higher stability of the human specific target could be
achieved. This gives accurate quantification even if the inter-
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nal control is completely inhibited. The inhibition of the
human specific target starts at a concentration between 80 and
100 uM hematin, which perfectly fits the inhibitor resistance
of'the Next generation STR-Kits like AmpF1STR NGM from
Applied Biosystems or Investigator ESSplex from Qiagen.

FIG. 11

Shows the Sequence Listing

FIG. 12

FIG. 12 shows a comparison of the accuracy of the differ-
ent quantification methods in relation to the theoretical con-
centration. “Quantiplex Investigator HYres” stands for a spe-
cial embodiment of the method in scope of the invention. The
commercially available quantification kits were set up and
analyzed as described in the appropriate handbook. A serial
dilution of human DNAs (isolated from human blood from
anonymous donors using the QIAamp Investigator Kit) and
mixtures thereof at known concentrations was used as a tem-
plate for all of the three kits. The “Quantiplex Investigator
HYres” method provides high accuracy to quantify all
amounts of used template at their correct concentrations,
especially the concentrations of 6.25 pg/ul and below were
much more adequately quantified compared to the Quantifiler
DUO method (based on Quantifiler DUO Kit from Applied
Biosystems), which uses a single copy target, and the Plexor
HY method (based on Plexor HY Kit from Promega), which
uses a target present at few copies, reference given in descrip-
tion. Quantifiler DUO method (based on Quantifier DUO Kit
from Applied Biosystems which uses a single copy target)
showed high fluctuations or even failed to generate a quanti-
fication result at and below 1.5 pg/ul human DNA and failed
to quantify male DNA concentrations below 1.5 pg/ul in the
presence of female DNA background. The Plexor HY failed
to quantify the male DNA fraction below 3 pg/ul in the pres-
ence or absence of background female DNA. 2 pl of given
dilutions of the human reference DNA were used in each
reaction. Concentrations refer to the concentration in the tem-
plate solution.

FIG. 13

FIG. 13 shows the importance of high sensitivity and cor-
rect quantification (shown in FIG. 12) by means of STR
analysis following the quantification reaction. In FIG. 13 the
serial dilution of human DNA from FIG. 12 was used to
generate the shown STR profiles following the protocol for
the Investigator ESSplex Plus Kit (Qiagen). It demonstrates
the possibility to obtain a complete STR profile even from the
lowest concentration used in FIG. 12, demonstrating the use-
fulness of highly accurate quantification even of low template
amounts.

FIG. 14

FIG. 14 further demonstrates the advantages of the inven-
tion by minimized reaction time. The “QIAGEN Investigator
Quantiplex HYres” stands for a special embodiment of the
method in scope of the invention. The first column (from left)
shows the run time of the QIAGEN Investigator Quantiplex
HYres” method on the Rotor-Gene Q real-time PCR instru-
ment (QIAGEN). Column 2 show the run time of the
“QIAGEN Investigator Quantiplex HYres” method on the
7500 PCR System from Applied Biosystems. For compari-
son, column 3 shows the run time for the QIAGEN Investi-
gator Quantiplex Kit form QIAGEN run on the Rotor-Gene Q
real-time PCR instrument (QIAGEN), column 4 shows the
run time for the QIAGEN Investigator Quantiplex Kit form
QIAGEN run on the 7500 Real-time PCR System from
Applied Biosystems, column 5 shows the run time for Quan-
tifier Human Kit from Applied Biosystems, run on the 7500
Real-time PCR System from Applied Biosystems, column 6
shows the run time for the Quantifier Duo Kit from Applied
Biosystems run on the 7500 Real-time PCR System from
Applied Biosystems, and column 7 shows the run time for the
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Plexor HY Kit from Promega, run on the 7500 Real-time PCR
System from Applied Biosystems.

FIG. 15

FIG. 15 shows a result using the method of the invention.
The method was applied in the presence of given concentra-
tions of the PCR inhibitors Humic Acid and Hematin.

Using the invention a high stability of the internal control to
higher concentrations of inhibitors and a higher stability of
the human specific target could be achieved. This gives accu-
rate quantification even if the internal control is completely
inhibited. The inhibition of the human specific target starts at
a concentration between 90 and 110 pM hematin, which
perfectly fits the inhibitor resistance of the Next generation
STR-Kits like AmpF1STR NGM from Applied Biosystems
or Investigator ESSplex from QIAGEN.

FIG. 16

FIG. 16 shows Y-MC sequences, i.e. Y chromosome multi-
copy sequences. SEQ ID NO:15 serves as a reference
sequence only. SEQ ID NOs:15 to 35 may also be used. As
outlined above, the method may also use only the Y chromo-
some sequences.

EXAMPLES

The quantification of human DNA is an essential step for
the set-up of STR reactions in the forensic field. Many differ-
ent kits are currently available on the market for quantifying
DNA (Quantifiler Human, Quantifiler Y, Quantifier Duo,
Plexor HY), but all these kits have different disadvantages,
such as the PCR product which is amplified on the human
DNA is short and not representative for degraded DNA, the
reaction is time-consuming, the chosen target is not stable in
different populations or individuals.

The PCR product of the first nucleic acid is 146 bp. A
reaction time of 48 minutes was achieved. This is in parts due
to the fast PCR reaction chemistry with a pH range between 8
and 9 and containing NH,*, K* and Mg** ions and the pres-
ence of a fast hot start enzyme with a non-chemical hot-start
method such as antibody, aptamer or affibodies, but also in
particular to a stable multi-copy target providing higher sen-
sitivity and reliability combined with an internal control
which reports the presence of inhibitors, but still gives a good
quantification result. This internal control has a stable Ct
value over the whole DNA concentration range.

The first and most surprising result is the high reaction
speed due to the components of this invention. The combina-
tion of a fast non-chemical hot-start DNA polymerase, such
as due to an antibody, aptamer or affibodies, a reaction buffer
containing NH**, K* and Mg** ions, and the use of preferably
also scorpion primers for detecting the multi-copy lead to this
result. The reactions were carried out in a reaction buffer
containing Tris-HCI, pH between 8.0 and 8.8, potassium salt,
preferably chloride or sulfate, ammonium salt, preferably
chloride or sulfate, magnesium chloride, each dNTP, 2.5 U of
the indicated heat-stable DNA polymerase and 0.1 uM of
each of the forward and reverse primers given in Table 1.

TABLE 1
Sequences
Human 4N-S1C SEQ ID 5'-CCGGGAAGCAGAAGGTGG-3"!
target Pr NO: 12
4N-S1C SEQ ID 5'-Fam-
NO: 11 CGAGCTCAGTTGTGCCTGTAGAGCTCG-
dabcyl-C18-

ACCTCTTCCTCTTGGCTGGG-3!
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TABLE 1-continued
Sequences
Ic AT-IC SEQ ID 5'-GCTATCCAGTGTGCCTAGGCAA-3!
Rev NO: 13
AT-IC_ SEQ ID 5'-YAK-TGGCGTAGTCGTTCAACGCCA
Yak NO: 14 Dabcyl HEG CCACGAGCGTACTTCGA
CTGAA-3'

The reaction chemistry also contained commercially avail-
able PEG-8000, a polyethylene glycol having a molecular
weight of about 8000 Dalton. The reaction also contained
Bovine Serum Albumine (BSA).

Other methods in the state of the art are much more time-
consuming. One the other side, this combination allows for
more sensitive and more reliable detection of the multi-copy
target and hence a better quantification of the amount of
DNA. The primers in Table 1 amplify a non-repetitive multi-
copy target on the genome. The great advantage in using a
multi-copy target is the high sensitivity, which can be
achieved. The stability of this target region within different
populations was also now shown in a multi-center study,
where the copy number was measured for individuals belong-
ing to different ethnic groups (see figure below).

It is important in the forensic field to have a quantification
tool, which is very sensitive, and on the other hand, which
shows a real negative signal in cases where no DNA is con-
tained in the sample. After quantification using the Quantifier
Human, no reliable quantification was possible under a con-
centration of 6.25 pg/pl. In this case, the user would not try to
obtain the STR profile and classify the sample as “non-con-
taining DNA” (FIG. 2 below). Using the Plexor HY Kit there
was little difference in the signal between low concentration
samples and the NTCs.

Using the present invention the quantification in such a
DNA concentration range is possible and even a full STR-
profile can be obtained (FIG. 3). This result shows that this
reliable quantification has a better correlation to the expected
result of the STR-profile. In fact, it helps not to miss any
STR-profile using very low amounts of DNA and avoids
analyzing a sample which definitely does not contain DNA.

The ideal internal control in DNA quantification for foren-
sic applications is a PCR system which should indicate the
presence of PCR inhibitors in the sample without compro-
mising the quantification of the DNA. The quantification
result should be as stable as possible, also in the presence of
PCR inhibitors, in order to give the user the possibility to
further make use of the quantification data for the DNA fin-
gerprinting reaction set-up.

Using Identifiler the DNA fingerprinting reaction works
until a hematin concentration of 20 uM is reached.

The so-called “next generation STR-Kits” are much more
resistant to the presence of inhibitors, in the example below
up to 75 uM hematin may be added.

The typical forensic workflow suggests the quantification
of the DNA before the STR reaction is carried out. This is
done to determine how much DNA was obtained from a
sample, e.g. collected from a crime scene, and how much of
this DNA should be used in an STR reaction. The typical STR
reaction works optimally in a certain range of template DNA
and the analysis is very labor-intensive, therefore methodolo-
gies are needed that ensure a very high success rate. There-
fore, it is a real advantage that the present invention enables
the user not only to surely quantify the amount of DNA
present but also to assess the absence of inhibitors, which
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could compromise the STR-reaction result, which would
result in failure or loss of valuable sample material.

Some examples of inhibitor sensitivity in quantification
reactions are shown in the plots below.

Plexor HY may be found here: www.promega.com/plexo-
rhy/an157 pdf.

Quantifier =~ Human may  be found  here:
www3.appliedbiosystems.com/cms/groups/applied_mar-
kets_suppor-t/documents/general documents/cms_pdf.
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this case, the Ct value of the IC shifts to higher values when an
inhibitor is contained in the DNA sample. Even the Ct value
of the human specific target shifts to higher levels when the
inhibitor is contained in the sample, thus making correct DNA
quantification difficult. In the case of the Plexor HY the
resistance to inhibitors such as hematin is quite little (ca. 25
UM hematin in the reaction).

We could achieve a high stability of the internal control to
high concentrations of inhibitors and a higher stability of the

Quantifier Duo may be found here: www.appliedbiosys- 10 human specific target, which gives accurate quantification
tems.com.br/site/material/5Sq7aqqbm.pdf. even if the internal control is completely inhibited. The inhi-

Only the combined Quantifier Human and Y kits show a bition of the human specific target starts at a concentration
slightly lower stability of the internal control target in com- between 80 and 100 pM hematin, which perfectly fits the
parison to the human target. In this case, the Ct value of the IC inhibitor resistance of the Next generation STR-Kits (such as
shifts to higher values when an inhibitor is contained in the 15 the ABI NGM™ kit).
DNA sample, while the Ct value of the Human and the Y kits It is known that real-time PCR is based on the real-time
remain stable, at least for smaller amounts of hematin. In the detection of the amplification of a PCR product. Actually, the
case of the Quantifier human and Y Kits the resistance to length of this PCR product for DNA quantification purposes
inhibitors such as hematin is quite little (between 16 uM and in forensic is very important. In fact, the quantification of
20 uM hematin in the reaction). 20 DNA is the first step towards a DNA fingerprinting analysis,

The internal control system in the Quantifier Duo Kit is which is typically the analysis of short tandem repeats (STR).
more stable than the human specific target in the presence of These repeats are analyzed in a multiplex-reaction where
inhibitors. The utility of the internal control system in this different loci are amplified through PCR in the same reaction
case is of course low because the internal control system does well. The amplification product of these loci can vary from
not give any indication of the presence of inhibitors in the 25 about 100 bp up to about 450 bp, depending on the loci, that
sample while the DNA quantification is already compro- have to be analyzed.
mised. In fact, the Ct values of the RPPH1 and of the SRY Inthe case of degraded DNA, which can occur for example
systems shift to higher values even at low amounts of inhibi- when a stain has been exposed to stress factors such as light,
tors. The dramatic increase of the Ct value of the RPPH1 the mean fragment length of the human DNA is reduced and
system to >40 in the presence of 12.5 uM hematin makes the 30 often the longest loci are not amplifiable anymore. If the
quantification of the human DNA impossible. quantification assay detects shorter DNA fragments, it may

The resistance to the presence of inhibitors in the sample is overestimate the quantity of STR-sized fragments, resulting
very low in comparison to the new generation STR-kits (i.e. in a relatively high proportion of under-amplified and unde-
10 uM hematin and 3.75 ng/pl humic acid). tected STR alleles, which is an undesirable result. Therefore,

The Plexor HY Kit shows quite the same stability of the 35 we choose a longer fragment to be amplified for quantifica-
internal control target in comparison to the human target. In tion purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38

<210> SEQ ID NO 1

<211> LENGTH: 2000

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

tcaacaggce accgtgaggg aggagetggyg cegeacgegyg gotgetggga ggcaggcagg 60

gacttggecee cgagaggcceg cegtggggge aagagetggyg ccetggagagyg cceectgggag 120

gcaagggegyg ggcctgcaga ggcetgttete caaccagtge tagaactgta caggccacca 180

ggaggcagga ggtgggccct cagagettgg ctggagaaag tteggggect acaaaggegyg 240

ttgggagety ggcaggagtt gagccaaaayg agettgctta cttgetggga ggcagggceg 300

ggagagcceeyg acttcaggac aacttgggce tgcggecagte gecgggagge ccaaccttgg 360

cgtggaggag cccaccgace ggagaccatt tggggectgg agatgecate ggagggcagg 420

agctcatcct ggagaggcca cecgtgaggec tgacctggge ctggggaget tggettgagg 480

aagetgtggg ccgaccaagg ccgccaggag atgggtagge actgagtceca aagaggttgt 540

tgagaggcag gaatcgggece tggagaccca accaggaaga agagetggge ccggagagaa 600

tgcacggagyg gtgcaagtygg gtctggagag gecgacttga ggaggttetyg ggcceggaga 660

ggcecgecgga agggaaaaac tgggectgga aaggceegttyg tcaggaatga gecccatggg 720
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-continued

cctgaagagg ccactggecag gegggagetyg ggectgecga ageggecgag aggcaggage 780

tttggactcg ggaggccgca gtgaagcaac agetagetgg gegtggagag tcegetgtga 840

ggcagaggct gggcectgtge aggecttegyg gaggcaggag getgggectt gtegaggect 900

gcagaggcca ccgaaagtca aaagcegggge ttgggaagge cgccgggagyg catgagetgg 960

getgggecga aagaggcecac tgggaggcag gaggagctgg gectggagag getgecaaaa 1020

ggcaggagct tcgectgagg atgccacagt gagacaccat ctgggtctgg agggtccact 1080

gtgaggcaga ggctgacctg tagagtccga cagtagacag aagttgggca aaagcctgat 1140

ttgaggaagt tttgggcttc aagagtcagc cacgaggcag gcactaggcc tggaaatggce 1200

ctcacagtca tgagttgggc ctaaatgggc cactgtgagg gaggagctgt gectgttgag 1260

getgetggea ggcaggcaga aatttggect ggggcagetg ccatgaggca agagetggge 1320

ctggaaaaag cccctgggag gcaagagcag ggectgecaga ggcetgttete aagtcaaage 1380

tgggcctgtt gatgccaccyg ggaagcagaa ggtgggectg gagagtttga cttgaggaag 1440

ttttgggcct acattggecg ccatgagctg gacaggaact gggccaaaaa aggctgttgt 1500

gaggcagcag ttgtgcctgt agacccagee aagaggaaga ggtgggtcetyg gagaageccc 1560

catgaggcag aggttgggece tgtagacgct gacaggagge aggagetggg cctggacagg 1620

tcaacttgag gagattttgg gccttcatag gccaccagga ggcagtagtt gggactagag 1680

agtctgactt gagtaagttt tgggcccgga gatgacgtcce tgggacagga gttgggcgtg 1740

gagaggccac cgtgaggcat aagctggatyg tagagaggece agtgtgagge aagacctggg 1800

cctgtectagg ctgctgggag acaggcagga atctggccag ggaaggttgce catgagacaa 1860

aagttgggcce tggaaaggcc cttgtgaagce atgagcttgg cctaaagagg ccactgggtg 1920

gcaggagctyg ggtgtgtaga agctgctgaa aggttgggag cttggcttgg ggggtccaca 1980

gtgaggtaga tgctgggcgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 2

agtgggtetyg gagaggecga cttg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 3

tcaggcccat ggggctcatt cct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

probe

2000

Synthetic

24

Synthetic

23

Synthetic
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-continued

20

<400> SEQUENCE: 4

ttctgggece ggagaggcceg ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 5

gcagaaggtyg ggcctggaga gtttgac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 6

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 6

ccttttttgyg cccagttect gtecage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

probe
<400> SEQUENCE: 7

ggaagttttyg ggcctacatt ggccgecatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 8

aaggtgggcece tggagagttt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 9

ccttttttgg cccagttect gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

probe

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

21

Synthetic

27

Synthetic

27

Synthetic

30

Synthetic

20

Synthetic

22

Synthetic



US 9,328,385 B2

21

-continued

22

<400> SEQUENCE: 10

aagttttggg cctacattgg ccge

<210> SEQ ID NO 11

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 11

cgagctcagt tgtgectgta gagctcegace tcttectett ggetggg

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 12

ccgggaagca gaaggtgg

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 13

gctatccagt gtgcectagge aa

<210> SEQ ID NO 14

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 14
tggcegtagte gttcaacgece accacgageg tacttcgact gaa
<210> SEQ ID NO 15
<211> LENGTH: 130
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

24

Synthetic

47

Synthetic

18

Synthetic

22

Synthetic

43

ggctgagtte ctccacctge ctgtccaaga aggagaaaca ggactgtgaa gggacaattt 60

catctaggtyg ggctgaggtg gectgetage tggggtgaag catgegttte ccctteccag 120

ctcteccact

<210> SEQ ID NO 16

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

130
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-continued

24

<400> SEQUENCE: 16

ggctgagtte ctccacctge ctgtccaaga aggagaaaga ggatagtcaa gggacagttt
catctaggtyg ggctgaggtg gectgetage tggggtgaag catgtgttte ccctteccag
ctcteccact

<210> SEQ ID NO 17

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

ggctgagtte ctccacctge ctgtccaaga aggagaaaga ggatagtcaa gggacagttt
catctaggtyg ggctgaggtg gectgetage tggggtgaag catgtgttte ccctteccag

ctcteccact

<210>
<211>
<212>
<213>

SEQ ID NO 18

LENGTH: 127

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 18

agctgagtte ctccacctge caggccaagg agaagagtac agactcaaag ggatgattte
atctagctgg gectgagggece tgetggetgg ggtgaageat gtgttteege tteccagete
tcetget

<210> SEQ ID NO 19

<211> LENGTH: 127

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

ggctgagtte ctccacctge tacaccaaga agaagaggac agactcaaag gatccatttce

atctagttgg gctgagggece tgctggetag ggtgaageat gegttttece tteccagete

tceccact

<210>
<211>
<212>
<213>

SEQ ID NO 20

LENGTH: 127

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 20

ggctgagtte ctccacctge tacaccaaga agaagaggac agactcaaag gatccatttce
atctagttgg gctgagggece tgctggetag ggtgaageat gegttttece tteccagete
tcccact

<210> SEQ ID NO 21

<211> LENGTH: 127

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

ggctgagtte ctccacctge tacaccaaga agaagaggac agactcaaag gatccatttce
atctagttgg gctgagggece tgctggetag ggtgaageat gegttttece tteccagete

tceccact

60

120

130

60

120

130

60

120

127

60

120

127

60

120

127

60

120

127
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26

<210> SEQ ID NO 22

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt

catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag

cttteeceget

<210> SEQ ID NO 23

<211> LENGTH: 129

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

ggctgagtte ttccacctge ctgtctgaga

aggagaaaga gatggtcaag ggacaatttc

atctaggtgg gctgaggtgg cctgctaget ggggtgaage atgtgtttee cctteccage

tctecceccact

<210> SEQ ID NO 24

<211> LENGTH: 124

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

ggccgagtte cteccacctge caggccaaga agaggacaga ctcaaagtga ccatttcatt

tagctgtget gagggectge tggetggagt gaageatgeg tttecectte ccagetctece

ctet

<210> SEQ ID NO 25

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

ggctgagtte ctccacctge ctgtccaaga aggagaaaga ggatggtcaa gggacaattt

catctaggte agctgagggg gectgetgge tggggegaag catgegattt ccectteccag

ctcteccatt

<210> SEQ ID NO 26

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

ggccgagtte ctccacctge ctgtccaaga

aggagaaaca gggctgtgaa ggggcaattt

catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag

cttteeceget

<210> SEQ ID NO 27

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

60

120

130

60

120

129

60

120

124

60

120

130

60

120

130
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-continued

28

<400> SEQUENCE: 27
ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt
catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag

cttteeceget

<210> SEQ ID NO 28

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt

catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag

cttteeceget

<210> SEQ ID NO 29

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt
catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag
cttteeceget

<210> SEQ ID NO 30

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt
catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag
cttteeceget

<210> SEQ ID NO 31

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt
catctaggtyg ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag
cttteeceget

<210> SEQ ID NO 32

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt

catctaggtyg ggctgaggtg geactctage cggggtgaag catgegttte ccctteccag

cttteeceget

60

120

130

60

120

130

60

120

130

60

120

130

60

120

130

60

120

130
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-continued

30

<210> SEQ ID NO 33

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

ggccgagtte cteccacctge ctgtccaaga aggagaaaca gggctgtgaa ggggcaattt
catctaggtt ggctgaggtg geattctage cggggtgaag catgegttte ccctteccag
cttteecact

<210> SEQ ID NO 34

<211> LENGTH: 129

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

ggctgagtte ttccacctge ctgtctgaga aggagaaaga gatggtcaag ggacaatttce
atctaggtgg gctgaggtgg cctgctaget ggggtgaage atgtgtttee cctteccage
tcteccact

<210> SEQ ID NO 35

<211> LENGTH: 131

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

ggctgagtte ccccactacce tggccaagaa gaagaaagag gacagactca aaggagcatt
tcatgtaget gggctgaggt gacttgectag ctggggtgaa geatgtgttt ctecttecca
geteteccac t

<210> SEQ ID NO 36

<211> LENGTH: 130

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

ggctgagtte ctccacctge ctgtccaaga aggagaaaga ggatggtcaa gggacaattt
catctaggtyg ggctgaggtg gectgetage tggggtgaag catgegttte ccctttecag
ctcteccact

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

tggctgagtt cctecacctyg

<210> SEQ ID NO 38

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38

cgaccgtgaa gcatgegttt cggtegagtyg ggagagetgg gaa

60

120

130

60

120

129

60

120

131

60

120

130

20

43
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The invention claimed is:

1. A method of quantifying and/or detecting one or more
nucleic acids of a genome in a sample, the method compris-
ing:

a. amplifying, in a reaction well or a reaction vial, a nucleic
acid comprising a non-repetitive, multicopy locus,
within the genome, the multicopy locus having copies
on at least 2 chromosomes and a sequence that shares at
least 80% sequence identity over a stretch of 80 base
pairs to a nucleic acid sequence of SEQ ID NO:1 to
produce a first amplification product;

b. amplifying, in parallel in the reaction well or the reaction
vial, an internal control nucleic acid sequence to produce
a second amplification product;

c. detecting the first and the second amplification products;
and

d. quantifying the first and the second amplification prod-
ucts;

wherein amplifying the internal control nucleic acid
sequence comprises amplifying with at least one primer
sequence selected from the group consisting of SEQ ID
NO:13 and SEQ ID NO:14.

2. The method according to claim 1, further comprising:

a. amplitying, in parallel in the reaction well or the reaction
vial, a nucleic acid comprising a non-repetitive, multi-
copy locus, on the Y-chromosome within the genome,
the locus having a sequence that shares at least 80%
sequence identity over a stretch of 80 base pairs to a
nucleic acid sequence of SEQ ID NO:15 to produce a
third amplification product;

b. detecting the first, the second and the third amplification
products; and

c. quantifying the first, the second and the third amplifica-
tion products.

3. The method according to claim 2, wherein amplifying
the nucleic acid comprising the non-repetitive, multicopy
locus, on the Y-chromosome within the genome comprises
amplifying with primers that have a nucleotide sequence that
differs from SEQ ID NO: 2,3, 5,6, 8,9, 10, 11 and/or 12 by
no more than 5 nucleotides over a stretch of 18 nucleotides.

4. The method according to claim 2, wherein the third
amplification product is between 60 base pairs and 200 base
pairs long.

5. The method according to claim 2, wherein the quantity
of the amplification products is determined either during the
amplifying of nucleic acids or at the end of the amplifying of
nucleic acids.

6. The method according to claim 1, wherein the first
amplification product is between 60 base pairs and 200 base
pairs long.

7. The method according to claim 1, wherein the second
amplification product is between 60 base pairs and 400 base
pairs long.

8. The method according to claim 1, wherein the second
amplification product is between 100 base pairs and 400 base
pairs long.

9. The method according to claim 1, wherein the second
amplification product is longer than the first amplification
product.

10. The method according to claim 1, comprising between
100 to 5000 copies of the internal control nucleic acid
sequence.

11. The method according to claim 1, wherein the quantity
of the amplification products is determined either during the
amplifying of nucleic acids or at the end of the amplifying of
nucleic acids.

10

40

45
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12. The method according to claim 1, wherein the reaction
well or the reaction vial comprises one or more of:

a) Tris-HCl at a pH of between 8 and 8.8;

b) potassium salt selected from the group consisting of

potassium chloride and potassium sulphate;

¢) an ammonium salt selected from the group consisting of
ammonium chloride and ammonium sulphate;

d) magnesium chloride; and

e) a hot-start polymerase.

13. A method of quantifying and/or detecting one or more
nucleic acids of a genome in a sample, the method compris-
ing:

a. amplifying, in a reaction well or a reaction vial, a nucleic
acid comprising a non-repetitive, multicopy locus, on
the Y-chromosome within the genome, the locus having
a sequence that shares at least 80% sequence identity
over a stretch of 80 base pairs to a nucleic acid sequence
of SEQ ID NO:15 to produce a first amplification prod-
uct;

b. amplifying, in parallel in the same reaction well or vial,
an internal control nucleic acid sequence to produce a
second amplification product;

c. detecting the first and the second amplification products;
and

d. quantitying the first and the second amplification prod-
ucts;

wherein amplifying the internal control nucleic acid
sequence comprises amplifying with at least one primer
sequence selected from the group consisting of SEQ 1D
NO:13 and SEQ ID NO:14.

14. The method according to claim 13, wherein amplifying
the nucleic acid comprising the non-repetitive, multicopy
locus, on the Y-chromosome within the genome comprises
amplifying with primers that have a nucleotide sequence that
differ from SEQIDNO: 2,3, 5,6, 8,9, 10, 11 and/or 12 by no
more than 5 nucleotides over a stretch of 18 nucleotides.

15. The method according to claim 13, wherein the first
amplification product is between 60 base pairs and 200 base
pairs long.

16. The method according to claim 13, wherein the second
amplification product is between 60 base pairs and 400 base
pairs long.

17. The method according to claim 13, wherein the second
amplification product is between 100 base pairs and 400 base
pairs long.

18. The method according to claim 13, wherein the second
amplification product is longer than the first amplification
product.

19. The method according to claim 13, comprising
between 100 to 5000 copies of the internal control nucleic
acid.

20. The method according to claim 13, wherein the reaction
well or the reaction vial comprises one or more of:

a) Tris-HCl at a pH of between 8 and 8.8;

b) potassium salt selected from the group consisting of

potassium chloride and potassium sulphate;

¢) an ammonium salt selected from the group consisting of
ammonium chloride and ammonium sulphate;

d) magnesium chloride; and

e) a hot-start polymerase.

21. The method according to claim 13, wherein the quan-
tity of the amplification products is determined either during
the amplifying of nucleic acids or at the end of the amplitying
of nucleic acids.



